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satellites passed at a distance of 180 BQOkm from the surface

of the earth This region is 51tuated”beiow the Farth's radiation

belts, and it may be anticipated that the primary cosmlc radiation

(PCR), and that of solar flares are the sources of penetratlng

U i AT

radiation.

Protons (flux of about 2 cm™2 ec'l), gl fa~particles
(about 0.3 cu~2 sec™l) and heavier nuclei (about 0.03 cu™2 sec™t)
enter into the composition of the PCR. Basing ourselves on the
data of [1] concerning the average value for PCR of linear energy

losses as being 3.5 MeV cm® g' s the primary cosmic radiation dose

-may be determined as 13_‘ mrad 24 hrs 1, A more detailed computation,
taking into account the contrlbutlon of various components, leads

to the figure of 14 mrad 24 hrs~t.(see ref.[2] ). Near the Earth
and its shadow the PCR dose decreases by about two times, i.e,

the daily (24 hr) dose must be of the order of 6~ 7 mrad during

the orbiting of spaceship=-satellites.

* Izmereniye doz radiatsii na vtorom, chtvertom i pyatom
kosmicheskikh korablyakh-sputnikakh,



The penetrating radiation emitied during sclar flares\\\
consists of proton fluxes with energy of the order of 100 MeV.-
It creates during major flares doses of 30 to 100 rad per flaré,
whose duration may reach 24 hours [3, 4]. However, such flares
occur once or twice a year at the most., The probability of proton
flux occurrence from weaker flares and the radiation doses then

appearing has been little studied.,

Thus, during brief flights of living beings at l%g;;qéﬁg
km above the earth the radiation doses will be insignificéh&,mgé
the order of 6 — 7 mrade2h hrs";. A lengthy stay at such altitudes

y'éntails the possibiiity of increase of the effects of radiation
tho dangerous values. The above-said Justlfles the necessalty of
conductlnw measurements of raalatlon doses durlng the flights of

spacecrafts, 80 as to estlmate that danger.

On the basis of knawnpd&ta‘on‘thé“@6%§EE§§WEOE§63i%ﬁ@nwefg\
radiationand IT5A0EE¢E~ab~dndicated orbits, sets of autonomous My
dosimetric pickups (CAM), including luminescent dosimeters (VAK)
[5, 6] with a 2 10% ~ 1 107 rad. range and U®PKH dosimeters

[7, 8] with & 2+ 10"2 = 1- 10 “l per range to detect slow neutrons i

&

near test animals, were ut&i&&&d for the detection of integral é

t radiation doses,

For the aralysis of radiation composition the dosimeters
.were. egulpped with various filters.A filter made of 0.75 mm lead
shielding half of the photodosimeter field served to compensate
their "course with the hardness" (i.e. devendence of sensitivity
on energy) for the electromagnetic radiation in the 50 keV to 3 MeV
energy range. The same assignment was carried out by 1.3 mm lead-
filters installed in certain WJK dosimeters.

Other WK dosimeters had no complementary filters, or were

shielded by a 3.2 mm aluminum layer, equivalent in its
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capability to the 1.3 mm lead layer for protons with energies

from 5 to 300 MeV, and for electrons with 0.025 to1lMeV energies.

In order to reduce background readings, pellicular dosi- -
meters were loaded prior to flight with a fresh film, and the WAXK
dosimeters were throughly warmed prior to launching so as to elimi-
nate readings conditioned by the background. To determine the level
of background radiation at the Larth, control dosimeters ﬁére also
prepared. Upon spaceship’s return from flight the pellicular dosi-
neters were revealed sinmultaneously with the films exposed by
gamma~radiation of CO6O,SO as to plot the blackening curve, and
with control filwms having remained on the ground during the flightf
The UHK dosimeters! feadings were compared with the results of
calibration of each of them by the gamma-radiation of the 0060 |

source (calibrations prior and after the flight coincided). }

The preliminary results of dosimeter irradiation by pro- i
tons with energies from 100 to 600 MeV on a synchrocyclotron OWUAU
allow to establish that dosimeter readings coincide for an equal

tissue dose at their irradiation by either protons or gamma-rays.

The dosimetric packages CAIL were disposed aboard the
spacecraft in the immediate vicinity with the animals, as well g\
as oubtside the cabin with animals. The dose induced by the back-
gfound radiation for the period from the moment of preliminary
heating (MANK) to launching, and from the moment of landing to
measurement was deducted from the dosimeter readings. The average;
reading of the control MAK dosimeters constituted near 0.5~ 0.6 |
mrad 24 nours™t. As to the pellicular dosimeters, the background

readings were zero.

The results of radiation dose measurements by the UAK

LN

method are compiled in the Table next page. Data according to photoéi

dosimeters are omitted, inasmuch as the integral radiation doses



resulted below the sensitivity threshold of the method ~ 0.2 rad
for the photodosimeters and 2 o 102 ber — for U¥KH,

RADIATION DOSES INSIDE THE SPACESHIP=-SATELLITE

TABLE

(in mrad)

K dosimeters!

readings

(background deducted)

BExperinment
- without with with
filter | 3,2 mm Al 1.3 mm Pb
2nd Spaceship-satellite 13 12 )
Flight duration - 25 hrs 12 11 75
14 10* 10 **
Average i3 11 8
Lth spaceship-satellite 7ol 4,3 —-1.5
'Flight duration 1.5 hrs. 5.5 0.4 749
- 2.1 - 5.5 0/9
— 2.2 — 009 ——— 3.3
— 1+-6 — 206
' Average 0.8 - 0,b 0,3
5th Spaceship-satellite 0.6 - 0.6 3,2
Flight duration l.5hrs. 1.9 2.9 2.5
— lol 309 "“'“005
0-6 109 ""108
- Oo? hand — Ool
haad loo 103 hinad 202
Average 0.05 2.1 0.2

* Filter's thickness 3% mm Al

** Bilter's thickness 1 mm Pb.



As may be seen from the Table, reliable data were only
obtained on the 2nd spaceship-satellite., Data of the L4th and 5th )
spacecrafts do not contradict the first ones, to say the least. \
The measured quantities correspond to radiation doses of 6 =10 g
mrad 24 hrs“l, which agrees well with the computed doses of PCR.,
The obtained guantities allow the conclusion that solar flare
enission did not exert any effect on the inside arrangements of
the cabin during the flights of the fourth and fifth spaceshipS—w}

satellites.

However, since the readings obtazined by the dosimeters of
the 2nd spaceship were greater with aluminum filters than with
those equipped with the compensating filters made of lead, a con- 2
clusion may be derived, that aside from PCR, there was some brehm-
strahlung in the registered radiation, likely caused by the 2nd j
spaceship's skirting the Earth's outei radiation belt, The effectfﬁ
ive quantum energy of this radiation is in the neighborhood of %
100 keV, as}zvident from the small difference between the readingéx
of aluminum-equipped dosimeters and those without filters, and E
also by the coincidence of the results of measurements by dosimeters

with compensating lead filters and the computed PCR doses.

Were brehmstrahlung harder, the readings by dosimeters with
filters of aluminum and lead sould be close, inasmuch as in the
energy region above 300~ 400 keV "the course ﬁith hardness™ of
WNK dosimeters is not great., On the other hand, if the brehmstrah-
lung were softer, the difference in dosimeter readings without

filters and with aluminum filters would be grédater, z

Therefore, the setting of CAT, applied on spacéships, "
allowed a direct measurement of radiation doses accumulated at X
flights in orbits in the 180 — 340 km altitude range., The measured A

Y

radiation doses of 6 — 10 mrad 24 hrs™t agree well with the results °



of analysis of PCR doses and is evidence of the fact, that the K
\

radiation conditions was favorable during the flight of spaceships—’i
satellites, and was not complicated by solar flare emission. The é
occurrence of brehmstrahlung during the flifgt of the 2nd space- :
ship is well established, this being due, as siad earlier, to
spaceship hitting the limits of Farth's radiation belts. Brehmstrah-
lung doses did not lead to a substantial variation of the radiation

conditions.

Taking into account the radiation hazards of solar flares
and the possible wvariations in the position of lower boundaries
of the radiation belts, it is necessary to pursue the study of
radiation conditions inside $paceships during. the subsequent launch~
ings., This would permit the study of the frequency of significant
increases of radiation doses due to sdlar flares, and to define
the limits of dose variation as a consequence of spaceships!

skirting the Earth's radiation belts.

The authors are grateful to N. A. Sergeyeva, T. I. Prosina,
s A, S, Yakovlev and P, N, Kiselev for their assistance in conduct-

ing the experiments.
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